An electrocardiographic electrode montage is described using electrodes mounted on the manubrium sterni (RA), xiphisternum (LA) and Vs position (LL). The lead 11 setting on the monitor, equivalent to CM s ' offers optimal ischaemia detection, while lead I, now a vertical lead, manubrium to xiphisternum, results in maximal P wave amplitude. The montage has been evaluated in sixty-two intensive care patients with electrocardiographic abnormalities and has been used extensively in intensive care, the operating theatres and in shock wave lithotripsy. The 'Prince Henry' montage offers advantages over the standard bipolar leads in P wave amplitude, arrhythmia diagnosis and artefact rejection.
episodes, dysrhythmias and acute conduction disturbances. The requirements of exercise electrocardiography have resulted in the acquisition of a large mass of information pertinent to these problems. As no single lead contains all the information contained in a 12-lead electrocardiogram, a best lead for any specific purpose must be selected. Thus, lead V s' which shows nearly 90% of all S-T segment changes and is thought to be the best for ischaemia detection, and CMs its bipolar equivalent is recognised as having similar sensitivity. I For dysrhythmia detection and diagnosis, lead II is generally suitable because of the large amplitude of the P wave in this lead. For the diagnosis of bundle branch blocks (and the differentiation of right from left ventricular ectopic beats) VI is best. Its preferred bipolar equivalent is MCL. 2 Some years ago during a study which involved the ECG monitoring of working SCUBA divers, we noted that electrodes mounted on the manubrium and the xiphisternum respectively resulted in a relatively muscle artefact-free recording with good P wave amplitude. Coupling this with CMs resulted in the 'Prince Henry' montage evaluated in this paper. METHOD The study was carried out in sixty-two patients nursed in the Intensive Care Unit of Prince Henry Hospital. All patients had some abnormality on their routinely performed 12-lead ECG. No other entry criteria to the study were set, except the availability of one of the authors to perform the recordings of the
The 'Prince Henry' montage. monitoring montages. In the 'standard' monitoring montage, after shaving if necessary and gently abrading the skin surface, stick-on sih'-er-:siTver chl.oride pressstud electrodes (Red Dot®, 3M®) were attached to the patient below the mid-points of the clavicles and on the left flank above the iliac crest, as is common practice in intensive care units and operating theatres. In the 'Prince Henry' montage after similar preparation, the right arm electrode was attached at the centre of the manubrium sterni, the left arm over the xiphisternum and the leg electrode in the Vs position. Each set of electrodes was connected to a Hewlett Packard 78342A monitor in diagnostic mode, whose ECG outputs were then led to a twochannel paper recorder, recording at 25 mm S-I and calibrated to 10 mm m V-I amplitude using the monitors' calibration button. A 12-lead ECG was then recorded, immediately followed by recording of the three leads, simultaneously, from the two montages. The 12-lead ECG was reported by one of the medical authors. This then served as a template for evaluation of the monitoring montages which were reported by one of the other authors, not having seen the 12-lead tracing.
The abnormalities were classified into S-T segment abnormalities, defined as any displacement greater than 1.0 mm, dysrhythmias and abnormalities of conduction. They were tabulated for each patient for the 12-lead and each of the two monitoring montages under evaluation. The presence of muscle or other artefact was also noted. Twenty-five sets of recordings were randomly selected for measurement of P waves in lead 11 of the standard montage and leads I and 11 of the 'Prince Henry' montage for comparison with the P wave of lead 11 of the 12-lead record. The R wave amplitudes in leads 11 of the three recordings were also measured.
The sensitivity of the two montages for detection of abnormalities and for the frequency of artefacts was compared by Fisher's exact test. The P and R wave amplitudes were compared by one-way analysis of variance with contrasts to identify the significant (P < 0.05) differences.
RESULTS
Abnormalities of the S-T segment were identified in forty-seven of the sixty-two patients. The 12-lead identified forty-four, of which thirty-seven were identified in all three recordings. The 'Prince Henry' lead 11 (CM s ) also identified forty-four, but two of these were not noted on the 12-lead report. The standard lead 11 showed S-T abnormality in thirty-eight recordings, thirty-seven of which had been reported on the 12-lead recording. Thus, in three patients S-T abnormalities were noted on the monitor records but not on the 12-lead trace. On re-examination of the latter, it was agreed that some S-T alterations were present and therefore for the purpose of calculating the sensitivity of each montage, the number of occurrences used was fortyseven. The sensitivity of the 'Prince Henry' montage for S-T change detection was 0.94 (44/47) and that of the standard was 0.81 (38/47), (P= 0.0598). Disturbances of rhythm other than sinus tachycardia were noted in twenty-nine patients. Ectopic beats, supraventricular or ventricular were identified in the same nine patients on all three tracings. Atrial fibrillation or flutter was diagnosed in 15. Flutter waves with regular block were present in four on the 12-lead and 'Prince Henry' tracings, but in only one of the patients was the diagnosis made on the standard monitoring montage (P= 0.0714). Conduction disturbances were found in fifteen of the 12-lead recordings. Three had first degree heart block identified on all tracings. Seven had left or right bundle branch block identified on all tracings and five had left anterior hemiblock identified in three on the 'Prince Henry' tracing as well, but only in one on the standard montage. Excluding ectopic beats and atrial fibrillation which were identified in all instances on all three tracings, of fifty-five pathological events the 'Prince Henry' montage identified fifty-one and standard identified forty-one, a significantly lower sensitivity (P = 0.0093). Muscle artefact which interfered with the reading of one or more leads was present in nineteen patients. In fifteen the problem was noted in the 12-lead and the standard montage alone, in seven in the 12-lead and the 'Prince Henry' montage. The difference between the two montages was significant (P= 0.0100). Other artefacts, mainly respiratory, affected one or more leads of the standard in nine patients and the 'Prince Henry' montage in one (P = 0.0002).
The amplitudes of the measured P and R waves are shown in Table 1 . The amplitudes of the P waves in lead 11 of both the 'Prince Henry' and the standard montage were significantly larger (P=O.OOl and 0.011 respectively) than that of the 12-lead but they did not differ from one another. 'Prince Henry' PI was significantly larger than 'Prince Henry' or standard P n (P= 0.002 and 0.030) or P n of the 12-lead tracing (P< 0.001). The amplitude of the R wave in leads 11 of both the 'Prince Henry' and standard montages was significantly greater than that of the 12-lead (P < 0.001), but again they did not differ significantly from one another.
DISCUSSION
During normal electrocardiographic monitoring in the operating theatre or intensive care unit, only one lead is displayed at any given time. It is therefore critical that the signal displayed contain a maximum amount of information. Detection of ischaemia and the diagnosis of dysrhythmias are the commonest goals of monitoring. As no single lead is ideal for both purposes or possesses the sensitivity of a full selection of leads, the ideal monitoring montage will display the lead most likely to exhibit an abnormality and offer as alternatives leads which may assist in reaching a correct conclusion concerning the nature of an abnormal finding.
In regard to ischaemia detection, the shortcomings of the standard leads for operating theatre ECG monitoring are well documented. In one study on patients with ischaemic heart disease undergoing noncardiac surgery, only two of eleven ischaemic episodes were recognised by standard lead 11 monitoring. 3 A number of ingenious adapters were suggested to allow monitoring of V s with standard operating theatre monitors,4-6 although Blackburn's CMs offered a satisfactory alternative to mechanical devices. I A further drawback to the simpler adaptors is their inability to record other than lead Vs' which in our opinion is unacceptable as this lead demonstrates P waves poorly and is not the lead of choice to detect the less commonly occurring ischaemia of the inferior segment. 7 In our patients, the sensitivity of 'Prince Henry' lead 11 (CM s ) was 94%, slightly greater than the original 86% claimed by Blackburn. I For any single lead this is a satisfactory result. P waves in both 'Prince Henry' and standard lead 11 were larger in amplitude than those in the 12-lead lead 11. The larger signal voltage of the precordial bipolar leads was also noted in the R waves. The largest P wave amplitude was seen in 'Prince Henry' lead I, which in our experience almost rivals an oesophageal recording for definition of atrial activity. This is reflected in the higher rate of arrhythmia diagnosis of the 'Prince Henry' montage as compared with the standard montage.
Finally, the 'Prince Henry' montage also demonstrated superiority over the standard in the incidence of significant muscle or respiratory artefact. Although not tested in this study, the lead III of the 'Prince Henry' montage, a horizontal bipolar lead pair with positive deflection for a right to left impulse is effective in differentiating right Anaesthesia and Intensive Care. Vol. 17. No. I. February. 1989 (predominantly negative QRS) from left (predominantly positive QRS) bundle branch block.
The montage has been used exclusively in our intensive care unit for four years. In the operating theatre, the montage offers artefactfree tracings with high signal-to-noise ratio and good sensitivity for ischaemia detection and P wave observation. It suffers from the disadvantage, however, that the xiphisternal electrode (left arm) may intrude on the surgical field when a high epigastric incision is made. It is the practice of one of the authors (TA T) to move the electrode position slightly to the right and a few centimetres up if necessary, with some loss ofP wave amplitude in lead I. The montage is also in exclusive use in our extracorporeal shock wave lithotripsy unit where the absence of muscle artefact and the high signal-to-noise ratio of lead 11 has obviated early problems experienced with the standard montage due to muscle artefact in patients undergoing procedures under regional anaesthesia. Immersion of the electrodes has not proved to be a problem, but careful preparation of the mounting sites is essential.
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